To estimate the impact of early motherhood (being a mother at Ͻ20 years of age) on ethnic differences in the risk of low birth weight (LBW) in a representative sample (n ϭ 9141) of American infants and children.
Low birth weight (LBW) is one the most important proximate determinants of infant mortality in many population groups. [1] [2] [3] [4] In the United States, the prevalence of LBW infants is higher among nonWhites than among White Americans. [5] [6] [7] [8] [9] The reasons for the ethnic and racial disparities are unclear. However, many biologic, environmental, behavioral, and socioeconomic factors have been proposed. [7] [8] [9] [10] [11] [12] [13] Among these, one of the most preventable and avoidable risk factors associated with LBW is early motherhood. 2, 14, 15 Results of multivariate analyses show a U-shaped relationship between maternal age and LBW, 16 with younger adolescents being at the greatest risk for negative birth outcomes including LBW, small for gestational age, and neonatal mortality. 17 Because LBW and the adult sequelae are both more common among non-White Americans and may account for a very substantial portion of observed health disadvantage (as measured by morbidity and mortality), the impact of LBW on chronic diseases later in life could have special significance for these at-risk groups. This is particularly important in light of the concept of thrifty phenotypes. The thrifty phenotype hypothesis suggests that as a result of adaptation to a limited supply of nutrients, poorly developed human fetuses often change their physiology and metabolism. These "programmed" transformations could potentially affect the development of abnormal metabolic syndromes in later life, including obesity, hypertension, diabetes, and stroke.
Original Article
LBW due to known risk factors and public health impacts are estimated from population etiologic fractions. The objective of this investigation was therefore to examine the prevalence of LBW in White, Black, and Hispanic Americans, and to determine how much of the relative difference in the risk of LBW between high-risk groups (Blacks and Hispanics) and the low-risk group (Whites) could be explained by differences in the prevalence of early motherhood.
METHODS

Data Source
Data from the Third National Health and Nutrition Examination Survey (NHANES III) were used in this investigation. Other investigators have described the sampling and measurement procedures of NHANES III in detail. 24, 25 Briefly, NHANES III is a multistage probability sample of noninstitutionalized U.S. civilian population groups defined and examined between 1988 and 1994, with oversampling of Blacks and Mexican Americans. Only singleton infants and children ranging from 2 months to 12 years and who were identified as nonHispanic White, non-Hispanic Black, or Hispanic American were eligible for this investigation.
This analysis was also restricted to infants and children with available birth weights whose mothers reported age at delivery, smoking status during pregnancy and years of formal education. Birth weight and maternal age were categorized as follows: LBW was defined as a birth weight of Ͻ2500 gm; early motherhood was defined as age at delivery of Ͻ20 years. Foreign-born children were excluded from this investigation.
Mothers who were excluded (2259) because their infants and children had missing values for some variables were not different from mothers that were retained for this analysis in terms of other characteristics.
Statistical Methods
Statistical analyses were performed using programs available in SPSS for Windows (SPSS Inc., Chicago, IL). 26 Data are presented as means and SDs for continuous variables; categorical variables are presented as percentages. Ethnic differences for continuous and categorical variables were assessed with analysis of variance and -squared statistics, respectively. Prevalence estimates were weighted to account for cluster design and to represent the total civilian noninstitutionalized population of the U.S. The prevalence of LBW and early motherhood were age-adjusted by direct methods using the 1990 U.S. population census data. To estimate the public health consequences of early motherhood, we calculated the population-attributable fraction percentage (PAF%) of LBW. The PAF% was estimated 27 as follows:
) ϫ 100, where P E is the proportion of mothers who had babies when aged Ͻ20 years and OR is the odds ratio comparing women who had babies at Ͻ20 years of age with those who did not. Statistical adjustments were made for maternal smoking during pregnancy and education in the logistic regression model. PAF, which is sometimes called population-attributable risk, is defined as the proportion of a population's disease rate that would not occur if the risk factor(s) of interests had been absent. 27 To estimate the proportion of the low-risk (Whites) to high-risk (Blacks and Hispanics) differences in LBW that was due to differences in early motherhood, we estimated the relative attributable risk percentage (RAR%) 28, 29 as follows:
where PAF H is the PAF in the high-risk group and q j is the prevalence of LBW in the low-risk group ("j ϭ 1" represents motherhood at Ͻ20 years; "j ϭ 2" represents motherhood at Ն20 years); j ϭ P EHj /P EH1 and denotes the prevalence ratio of early motherhood in category j relative to the referent category 1 in the high-risk group, and R denotes the risk ratio of the low-to high-risk group. 28, 29 RAR is defined as the proportion of the excess disease rate in the high-risk population that would disappear if the high-risk population had the same prevalence of risk factor(s) as the low-risk population. 28 RAR is based on the assumption that the association between early motherhood and LBW is causal.
To determine whether early motherhood had the same response for LBW in the three ethnic groups, we compared risk functions in the logistic regression model using LBW as the dependent variable and motherhood as the independent variable, adjusting for maternal smoking and education. The relative size of the coefficients for maternal age of motherhood from the logistic regression model was compared using the following formula: -squared ϭ ⌺w i (b i Ϫ B), 
RESULTS
The descriptive characteristics of the studied variables are presented in Table 1 . Overall, 9141 infants and children with available birth weights were eligible for this investigation. There were significant ethnic differences in all variables, with White mothers tending to have children at an older age and to be more educated than Hispanic and Black mothers ( p Ͻ 0.001). The prevalence of smoking during pregnancy was also higher among White women compared with Hispanic and Black women ( p Ͻ 0.001). Black infants had significantly lower birth weights compared with White and Hispanic infants ( p Ͻ 0.001). In addition, the overall prevalences of LBW and early motherhood were higher for Blacks than for Whites or Hispanics ( p Ͻ 005).
To determine whether the risk of LBW was associated with early motherhood, maternal education, or smoking, LBW was used as the dependent variable in logistic regression models (Table 2 ). In the univariate models, smoking during pregnancy and early motherhood were each associated with a 103% and 48% increased risk of LBW infants, respectively. We compared the risk of LBW in those who stopped smoking during pregnancy relative to those who did not. Mothers who stopped smoking during pregnancy had a reduced risk of LBW of 17%. Increased education was associated with a decreased risk of LBW infants.
The results of ethnic-specific multiple logistic regression models showing ORs for LBW due to early motherhood are presented in Table  3 , model I. Early motherhood was associated with an increased risk of LBW babies of 68%, 45%, and 11% in Whites, Hispanics, and Blacks, respectively. In the three ethnic groups, the risk due to early motherhood was independent of maternal smoking and education. Maternal smoking during pregnancy was also associated with increased risk of LBW infants in each of the three ethnic groups, whereas increased educational attainment was negatively associated with increased risk of LBW.
To further determine whether the risk of LBW due to early motherhood was independent of education, maternal smoking, and ethnicity, dummy variables were used to compare Hispanics and Blacks with Whites (Table 3 , model II). Consistent with the results from the univariate models, early motherhood and smoking during pregnancy were associated with an increased risk of LBW, adjusting for education. An increase in educational attainment was associated with a decreased risk of LBW. Hispanic and Black ethnicities were independently associated with a greater risk of LBW relative to White ethnicity. Table 4 presents estimates of PAF and proportions of White to non-White differences in LBW that were due to differences in early motherhood. The PAFs of LBW due to early motherhood were 6.2%, 7.4% and 2.3% in Whites, Hispanics, and Blacks, respectively. As shown, 4.8% and 7.4% of the differences in the risk of LBW between Whites and Hispanics and between Whites and Blacks may be attributable to differences in early motherhood, adjusting for maternal smoking and education. The test of early motherhood response for LBW across ethnicity provides further evidence that early motherhood had the difference responses for LBW in the different ethnic groups ( p Ͻ 0.05).
DISCUSSION
In perinatal epidemiology, much attention has been focused on estimating the PAF and the OR of potential risk factors of LBW. 14, 21, 30, 31 However, relatively little attention has been paid to the fraction of excess risk in a high-risk population that would vanish if it had the same distribution of risk factors as the low-risk population. Our main interest in this investigation was therefore to estimate the fraction of White to non-White differences in the risk of LBW that was due to White to non-White differences in early motherhood. This is the first investigation using NHANES III to determine the prevalence of LBW in the three major U.S. ethnic groups. NHANES III represents the best available data, because the sampling scheme was representative and national in scope. The training program and quality control measures instituted in NHANES III give an added credence to the data. The prevalences of LBW for White (5.4%) and Black (11.8%) American infants in this study were similar to the estimates from the Illinois birth registry (5% for White and 11.7% for Blacks) from 1989 through 1991. 30 As expected, early motherhood was associated with an increased risk of LBW, independent of maternal smoking during pregnancy and years of education. PAFs indicate that 6.2%, 7.4%, and 2.3% of LBW in Whites, Hispanics, and Blacks, respectively, could have been avoided if motherhood had been delayed. The data suggest that ethnic differ- Some limitations must be taken into account in the interpretation of results from this study. First, bias due to survey nonresponse and missing values for some variables cannot be ruled out. However, previous studies of NHANES have shown little bias due to nonresponse. 32 Second, because multiple pregnancy has become a substantial portion of LBW in the U.S. over the past few years, the exclusion of multiple pregnancy could have a implication on the generalizabilty of the results. Because the incidence of multiple pregnancy is primarily in older age mothers, we do not believe it would have affected the results with respect to motherhood. However, it may have strong effect on the attributable risk factors, particularly in the White population, where the use of infertility therapy is known to be high. Third, several well-known LBW risk factors such as hypertension, weight gain during pregnancy, body size (maternal pre-pregnancy weight), primiparity, and several conditions (spontaneous delivery, abruptio placentae) were not measured. These unmeasured risk factors may have significant implications on the observed differences and the magnitude of the association between early motherhood and LBW in the different ethnic groups.
CONCLUSION
Early motherhood is a preventable and an avoidable risk factor for LBW in all populations. The findings of this investigation present a compelling reason to emphasize public health measures to educate women on the need to delay childbearing beyond 20 years of age in these ethnic groups, particularly for Hispanic and Black Americans. 
